Azotobacter chroococcum, one of the most thoroughly investigated microorganisms, has been treated also in the rather scanty literature concerning the microflora of Finnish soils. An attempt to elucidate these problems was made in the present investigation. A number of soil samples representing different soil types were collected from various parts of the country and tested for the presence of Azotobacter species. For a more detailed study on the effect of the soil properties upon the development of Azotobacter chroococcum, samples collected from one farm were used, in order to eliminate the effect of the larger differencies in the climatic conditions. Some attention was also paid to the ability of the soil population to fix atmospheric nitrogen.
populations, since he could find it only in two soil samples out of the two hundred tested ones. Svinhufvud (25) , on the other hand, cultivated Azotobacter from all his four samples of forest soils, some of them markedly acid.
According to the present opinion (11, 18) Azotobacter chroococcum and the other species of this genus cannot play any important role in the nitrogen economy of soils, not even under more favourable conditions than those prevailing in our rather acid soils. Yet An attempt to elucidate these problems was made in the present investigation. A number of soil samples representing different soil types were collected from various parts of the country and tested for the presence of Azotobacter species. For a more detailed study on the effect of the soil properties upon the development of Azotobacter chroococcum, samples collected from one farm were used, in order to eliminate the effect of the larger differencies in the climatic conditions. Some attention was also paid to the ability of the soil population to fix atmospheric nitrogen.
Methods
The occurrence of Azotobacter in the soil samples was studied by the method of Curie (5) in which mannitol agar plates are inoculated by sprinkling soil granules upon the surface. The plates were incubated at 25°C for one week, and the azotobacter-like colonies isolated on mannitol agar slants. The identification was made by the microscope. In order to study the possible presence of Azotobacter indicum in the samples inoculation was also performed on glucose agar plates and the incubation period prolonged.
Azotobacter was enriched in the soil samples by incubating in Petri dishes at 25°C for two weeks 25 g of soil with an application of 0.2 g of calcium carbonate and 5 ml of a solution that contained 12.5 per cent mannitol, 0,35 per cent dipotassium phosphate and a trace of sodium molybdate.
The occurrence of Clostridium species in the samples was examined in nitrogen-free glucose-phosphate solution inoculated with pasteurized soil suspension (7, p. 118) . The presence of these organisms in the cultures was demonstrated by the formation of gas and by the microscopical study.
The test for the deficiencies in available calcium, potassium, and phosphorus in the soil was made by the method of Sackett and Stewart (20) , but using glucose instead of corn starch. The pH-values of the soils were measured in water suspension (I: 2), the exchangeable calcium determined by the method of Tuorila (26) , the »available» phosphorus by the acetic acid method (12) , and the total nitrogen content by the common Kjeldahl procedure.
For the estimation of the relative nitrogen-fixing power of the soils the mannitol-solution method was employed.
Occurrence of Azotobacter in soil samples
The agar plate method was chosen to show the presence or the absence of Azotohacter in the soil samples, because it was thought to offer some advantage as compared with the solution methods. Curie (5) points out the fact that in solution cultures the activity of amoebae, the largely anaerobic conditions, and the formation of butyric acid and other organic acids may prevent the development of the typical Azotohacter film except in the presence of an abundant Azotohacter chroococcum flora. In addition, the agar plate method by Curie (5) is simple, and the isolation of the organisms is easier than from the solution culture.
Of course no pure cultures of nitrogen-fixing organisms can be supposed to develop on the nitrogen-free mannitol agar from soil granules scattered over the surface. Yet, the cultures obtained were typical. The most predominant colonies were formed by colourless, slime producing bacteria, which according to a preliminary identification most probably were representatives of Agrohacterium radiohacter group. This organism is known to need very low amounts of fixed nitrogen, and it has been mentioned to be a common contaminant in Azotohacter isolates (23) . Also it has been reported to be able to fix atmospheric nitrogen, although in a rather low degree (22, 23 Without the enrichment procedure Azotobacter chroococcum could be found only in five samples, and two of them contained it in a rather small amount. The enrichment, however, increased the Azotobacter flora in such a degree that colonies of the organism developed from ten of the twenty five samples tested by the agar plate method. This suggests that Azotobacter chroococcum probably is more common in our soils than the results of Bremner (2) showed, but that its number even in a large part of the fertile soils is very low. (12) . Thus, a soil in which inoculated Azotobacter develops without phosphate applications must be very rich in plant available phosphorus.
It is possible that the ability of Azotobacter to utilize the phosphorus compounds of our soils is poor, and that there realty is the question of the lack of available phosphorus. However, the high need of soluble phosphates by this organism may be explained on the basis of other reasons, too. In his paper Brenner (2) came to the conclusion that iron compounds of the soil can prevent the development of inoculated Azotobacter in some cases in spite of the application of calcium carbonate to the cultures. Krückowa and Popowa (14) also point to the injurious influence of soluble iron upon the growth of Azotobacter in soils rich in iron. Thus the favourable effect of applications of soluble phosphates upon the development of Azotobacter may be due to the fact that phosphates are needed to precipitate the harmful iron in the neighbourhood of the bacteria.
Some preliminary experiments performed in order to study the effect of iron and aluminium ions upon the development of Azotobacter chroococcum in mannitol solution cultures indicated that aluminium can be more dangerous than iron. The concentrations of aluminium, ferrous and ferric iron varied from 0.0025 to 2.5 ppm in these cultures. Not even the highest amounts of ferrous or ferric iron did markedly prevent the growth of Azotobacter, but only the lowest concentrations of aluminium allowed the formation of a rather good Azotobacter-iilm.
The sensibility of Azotobacter chroococcum to soluble aluminium has been reported e.g. by Katznelson (13) . It is highly probable that the primary reason for the favourable influence of both liming and phosphorus fertilization upon the development of Azotobacter is to be found in the decrease in the injurious aluminium concentration of soil solution.
The lack or the extremely low numbers of Azotobacter chroococcum in acid soils may largely be connected with the inability of this organism to tolerate the concentrations of aluminium and iron in these soils. The limiting pH-value in the present investigation was about the same as generally reported or pH 5.8 (9, 11, 15 etc.) . On the other hand, there are in the literature results that are in accordance with those obtained by Svinhufvud (25) : Azotobacter chroococcum has been found from soils even more acid than of pH 5 (1, 16, 27).
Several factors have been suggested to explain the fact that Azotobacter-tests can be negative also in soils with a high pH value. The deficiency in available molybdenum in the soil is supposed by van Niel (17) to be the main reason in some cases. Gainey (10) has found that some fertile soils contain nitrate nitrogen in such concentrations that the number of Azotobacter is highly decreased.. Azotobacter is also very sensitive to high salt concentrations in general (6) , and it is possible that in some soils this factor inhibits the development of this organism.
Yet, the most important cause for the low numbers of Azotobacter cells in nearly all the soils is to be found in the lack of available carbon compounds. This was emphasized already by Rem y (19) , and probably the competition for available energy is a more effective factor than the purely antagonistic influence of several soil microorganisms upon azotobacters.
No colonies that could be identified as Azotobacter indicum developed on the agar plates from the soil samples. Yet, it is quite possible that by prolonged investigations and by some other technique this acid tolerant species could be found also in our soils.
All the seventy two soils tested for the presence of Clostridium gave positive results. However, these tests did not show whether the organisms were present in the soils only as spores or also as living cells.
Nitrogen fixation by the soil flora
The increase in total nitrogen content of mannitol nutrient solutions inoculated with soil suspension does not give any reliable idea of the nitrogen fixing power of the soil in question. Yet, some relative values may be obtained, and characteristic differences between the soil populations found. In order to study the effect of the presence of Azotobacter chroococcum upon the nitrogen yields, nitrogen-free mannitol nutrient solutions inoculated with suspensions from 30 soils were incubated at 25°C for three weeks.
Unfortunately there were no possibilities to arrange the experiments under conditions in which the absorption of nitrogen oxides or ammonia from the atmosphere would have been prevented. It was attempted to diminish this defect by the incubation of several control cultures.
The data in Table 2 indicate that the highest nitrogen yields were obtained in the cultures of the samples A 6, L 3 and L 5 which were found to contain Azotobacter rather abundantly. In almost all the other cultures the increase in nitrogen was considerably lower, In general, there seemed to exist a marked correlation between Suoritettujen kokeitten yhteydessä ei maanäytteistä onnistuttu viljelemään Azotobacter indicumia, mutta Clostridium-lajeja todettiin kaikissa näytteissä.
Kokonaistypen määrän lisääntyminen oli suhteellisesti suurin niissä mannitoli-liuos-viljelmissä, jotka oli siirrostettu Azotobacteria sisältävien näytteiden suspensiolla. Mutta myös useitten muitten maanäytteiden viljelmät sitoivat runsaanlaisesti typpeä. Näiden sekä BRENNERin (3) vastaavanlaisten havaintojen perusteella näyttää mahdolliselta, että monissa maissa on Clostridium-lajien lisäksi muita bakteereita, ehkä myös hiivoja ja homeita, jotka sekakasvustona pystyvät sitomaan ilmakehän vapaata typpeä.
